Paracoccidioidomycosis is a systemic fungal infection caused by Paracoccidioides brasiliensis and endemic in certain areas of Central and South America. We report a case of a 62-year-old-man with a complex history of tuberculosis and imaging findings of a cerebral lesion and bilateral adrenal enlargement. Biopsy of adrenal gland revealed Paracoccidioides brasiliensis. This case highlights the importance of travel history for diagnosis of paracoccidioidomycosis in non-endemic areas and emphasizes the clinical and histopathological similarities with tuberculosis.
Introduction
Paracoccidioidomycosis is a systemic fungal infection caused by the thermally dimorphic fungus Paracoccidioides brasiliensis [1] . This disease is endemic in certain South and Central American countries with the highest prevalence observed in Brazil (approximately 80%) [2] . People who work in agriculture and live in rural areas are at a particularly high risk for infection [1] . Due to its specific geographical distribution, paracoccidioidomycosis is only observed in patients who have lived or travelled in endemic regions [3] . An increase in migration and travel activities might contribute to a higher prevalence of paracoccidioidomycosis and other systemic mycoses also in Europe.
The thermally dimorphic fungus Paracoccidioides brasiliensis grows as a filamentous fungus at 20-26°C and as yeast at 37°C [2] . Diagnosis is based on the direct identification of the fungus with microscopy, culture or histology from clinical specimen [2] . In addition, molecular biological techniques such as polymerase chain reaction (PCR) demonstrate high sensitivity suitable for diagnosis and monitoring of treatment [4, 5] . Serological tests are used for evaluation of treatment response and disease recurrence [6] . Paracoccidioidomycosis clinically appears in two different forms: an acute/subacute juvenile form and a chronic adult form [2] . More than 90% of cases are chronic forms predominantly affecting men 30-60 years old and are characterized by slow progression over months or even years. This form can occur either as unifocal if only the lungs are affected (approximately 25%) or multifocal with extrapulmonary dissemination to oral or nasal mucosa, skin, lymph nodes or adrenal glands. Less frequently, involvement of the eyes, central nervous system (CNS), bones, vascular system and genital lesions may occur [2] . The fungus has been detected in soil, but the natural habitat is unknown. Human to human transmission has not been described, yet [7] . Similar to other systemic mycoses, Paracoccidioides brasiliensis enters the host via the respiratory tract and is usually inhaled during agriculture-related activities. Depending on the patient's immune status, it may stay inactive or spread by lymphatic and haematogenous dissemination to various secondary sites [1, 2] . The choice of treatment with azole derivatives, amphotericin B and sulfonamides depends on the severity of the disease [8] .
Diagnosis of imported paracoccidioidomycosis in non-endemic countries is challenging [9] . First, the latency period between inoculation of the pathogen and manifestation of overt symptoms may be very http [2] . Second, physicians in non-endemic countries have limited clinical experience with endemic systemic mycosis. Third, clinical and histopathological presentation of this fungal infection resembles several other infectious and non-infectious diseases.
We report on a rare case of paracoccidioidomycosis in Europe that was initially misdiagnosed and treated as tuberculosis.
Aim of this case report is to strengthen awareness for imported endemic systemic mycosis -in particular paracoccidioidomycosis -and emphasize the similarities to tuberculosis and importance of travel history.
Case
A 62-year-old man was transferred from a community hospital to our department due to suspected diagnosis of reactivated tuberculosis of the lungs and adrenal glands in February 2015 (day 0). He reported left-sided chest and abdominal pain, weight loss of 12 kg during the last 3 weeks as well as night sweats and cough. The punctum maximum of the abdominal pain was located at the left costal margin and aggravated at inspiration.
Past medical history revealed several episodes of tuberculosis with involvement of the lungs, testes and adrenal glands ( Fig. 1 ). The patient reported that tuberculosis was diagnosed for the first time at the age of 7 years, followed by reactivations in the lungs with dissemination to the testes at the age of 14 and 21. Therefore, the patient had received tuberculostatic therapy, repeatedly. In 2010, he underwent CT-guided biopsy of a suspicious pulmonary nodule in the right lower lobe and left adrenal gland due to considerable enlargement of adrenal glands. Based on the histopathological finding of epithelioid cell granuloma with central necrosis, the diagnosis of tuberculosis of lungs and adrenal glands was made. At that time, sputum smear, PCR and culture for acid fast bacilli were negative. Due to increasing size of the adrenal glands the patient underwent a second biopsy in the same hospital in 2012.
Histopathological finding were similar to previous biopsy and again considered to be tuberculosis.
From the year 1997 until 2001 he made yearly visitseach for several weeks -to a village in Regio de Pasco (Peru), a rural area located next to the rainforest of the Amazonas. He lived there in a house with a garden for approximately three years (2002) (2003) (2004) and helped to construct a hospital. He did no agricultural or field work. During his stay in Peru he had no injury or disease worth mentioning. Except for two days in Arica (Chile) he did not visit any other South or Central American regions or countries. In addition, he reported that one day he recognized bats in the ceiling of his house and inhaled their excrements during cleaning.
In addition to tuberculosis our patient had a past medical history of chronic bronchitis, Billroth II surgery due to peptic ulcer disease, cholecystectomy and prostate cancer treated with radiation therapy approximately 10 years ago. The patient was a retired patient transport service driver in an Austrian hospital. Family history revealed a tuberculosis infection of his father. He was a current smoker with a history of 45 pack years, reported occasional alcohol consumption and no known allergies. He was on no chronic medication.
Upon admission, the patient appeared in a good general condition with normal body temperature and a blood pressure of 120/70 mmHg. Auscultation and percussion of lungs and heart were unremarkable. The abdomen was soft and showed periumbilical tenderness without resistance. Peripheral edema was not observed. Basic neurological examination and skin were unremarkable. No enlarged lymph nodes were found.
Electrocardiogram showed normal sinus rhythm with 78 beats per minute and no pathological findings. There was a mild eosinophilia (6%) and monocytosis (16%), but total white cell count (8.1 G/l), hemoglobin (13.9 g/dl), and platelet count (366 G/l) were within normal limits. Levels of serum creatinine, and blood urea nitrogen (BUN) were normal. The concentration of serum gamma glutamyltransferase (GGT, 193 U/l), alkaline phosphatase (224 U/l), and Creactive protein (9.0 mg/dl), plasma fibrinogen (560 mg/dl), and erythrocyte sedimentation rate (ESR, 54/81 mm) were elevated. Serum albumin (3.4 g/dl) and sodium (135 mmol/l) were slightly decreased while other electrolytes were normal. Myocardial biomarkers such as high sensitive Troponin-T (hs-TnT), creatine kinase (CK) and muscle-brain type creatine kinase (CK-MB) were within normal range.
Computed tomography (CT) showed postspecific pulmonary lesions. Compared to previous examinations, abdominal CT (day +0) revealed an increasing inhomogeneous enlargement of the adrenal glands (4.0×6.3 cm) ( Fig. 2) . Additionally, several enlarged retroperitoneal and mesenterial lymph nodes were found. Subsequently performed positron emission tomography (PET) (day +18) revealed an increased metabolic activity in bilaterally enlarged adrenal glands. Furthermore, hypermetabolic activity of cervical lymph nodes and the laryngeal area was found. Clinical and radiographic findings were suspicious for reactivation of tuberculosis. Interferon-gamma release assay (Quantiferon) (day +7) was positive but Ziehl-Neelsen smear, polymerase chain reaction (PCR) and culture of the sputum were negative for Mycobacterium tuberculosis. Serological tests for human immunodeficiency virus (HIV), lues and adrenal autoantibodies were negative. Serum levels of adrenocorticotropic hormone (ACTH) and cortisol confirmed primary adrenal insufficiency.
Symptoms such as tremor, disturbance of sensitivity and weakness of the extremities, triggered a neurological work-up. Brain magnetic resonance imaging (MRI) (day +31) revealed a round temporo-parietal located lesion with perifocal edema, suspicious for infection or metastasis (Fig. 3 ). Cerebrospinal fluid (CSF) obtained by lumbar puncture (day +34) was unremarkable without any sign for infection, inflammation or neoplasm. Neurosurgeons did not consider surgical intervention.
The cause of hypermetabolic bilateral adrenal enlargement remained unclear, initially. Tuberculosis was suspected but could not be confirmed by microbiology. Hence, CT guided biopsy of the left adrenal gland and extirpation of a right cervical lymph node (day +42) were performed for histopathological and microbiological work-up.
Neither in the biopsy specimens of left adrenal gland nor the right cervical lymph node, Ziehl-Neelsen and PCR revealed any evidence for mycobacterium tuberculosis infection (day +45). Serology for various systemic fungal infections and broad spectrum PCR from blood and aspirate fluids from biopsy (day +49) were negative as well. Histology of lymph node and left adrenal gland biopsy showed granulomas with central necrosis (day +48). In addition, in the left adrenal gland periodic acid-schiff (PAS), McManus, and methenamine silver stain (Grocott) revealed evidence of fungal pathogens. Giemsa stain of the left adrenal gland biopsy specimen (day +49) showed characteristic yeast elements with multipolar budding of variable size thus indicating the presence of Paracoccidioides brasiliensis (Fig. 4) . Cultures of the left adrenal gland biopsy specimen, were positive after incubation for 5 days (day +54) at 37°C and 28°C on Columbia agar (with 5% sheep blood; bioMérieux, Austria), 2% Sabouraud dextrose agar (Oxoid, Austria) and brain-heart infusion agar (BHI agar, Merck, Austria). Sequence analysis of the isolate confirmed the presence of Paracoccidioides brasiliensis. Sequence similarity was assessed by a search of homology not only with GenBank sequences, but also with the ISHAM ITS database. 100% identity was achieved with both databases (ISHAM identification number: MITS2102).
Thus, we diagnosed paracoccidioidomycosis with dissemination to adrenal glands and highly suspicious involvement of cervical lymph nodes and the brain.
When paracoccidioidomycosis was suspected, the specimen and all cultures were processed in a special laboratory for biosafety level 3 (S3laboratory). This laboratory has all the equipment and safety features required for biosafety level 3 with controlled air flow and filtered ventilation systems. All personnel wore personal protective equipment (specialized clothing, gloves whenever handling the specimens or cultures). In accordance to this, personnel had the utmost protection against accidental infection.
After identification of Paracoccidioides brasiliensis antifungal treatment was initiated ( Table 1 ). In addition, replacement therapy with fludrocortisone and hydrocortisone was prescribed. Due to the evidence of cerebral involvement the patient was initially treated with intravenous liposomal amphotericin B. The patient's general clinical condition improved and the antifungal therapy was switched to oral itraconazole. However, itraconazole never reached therapeutic levelneither with capsule nor liquid formulation, most probably due to the previous Billroth II resection. After deterioration of the patient and an increase in inflammatory parameters, liposomal amphotericin B was restarted. Associated with worsening of the systemic inflammation, hypotension, prerenal kidney failure and subsequent Addison crises occurred, so that hydrocortisone and fludrocortisone doses had to be adapted and high volume intravenous (IV) fluids substituted.
Several ultrasound imaging studies showed a continuous decrease in size of the bilateral adrenal gland enlargement and a follow-up MRI of the brain revealed a shrinking size of the cerebral lesion. Overall clinical improvement was observed. After consultation of an infectious disease specialist, our patient was switched to oral posaconazole. Finally, the patient was discharged in a good general condition on oral posaconazole.
Discussion
Our case report describes the complex journey from presentation to diagnosis and treatment of a patient with paracoccidioidomycosis in a non-endemic area and a history of tuberculosis.
Evidence of paracoccidioidomycosis in non-endemic regions such as Europe is based on case reports, case series and reviews. Numerous cases were observed in Spain and other European countries [9, 10] . To the best of our knowledge, we diagnosed the second case of chronic paracoccidioidomycosis in Austria. The first case of chronic paracoccidioidomycosis in a Cuban female living in Austria was published in the year 2004 [11] . Initially, this case was misdiagnosed and treated as tuberculosis.
Since Paracoccidioides brasiliensis is endemic in several countries of South-and Central America, the patient was most likely infected by inhalation during one of his stays in Peru. The first manifestation in the lung obviously remained undiagnosed and therefore -in agreement with the literature -it seems that there has been a latency period of several years from infection to first clinical presentation already with dissemination to lymph nodes, brain and adrenal glands [2] . Various conditions such as smoking, previous tuberculosis with tuberculostatic treatment and prostate cancer with radiation therapy may have facilitated infection by altering the patient's immune status.
The finding of bilateral adrenal enlargement with primary adrenal insufficiency and the history of tuberculosis revealed reactivation and dissemination of tuberculosis as the most likely diagnosis upon presentation to our center. However, no available report from the past five years showed clear evidence of infection with Mycobacterium tuberculosis and no detailed medical information was available regarding the first episodes of tuberculosis. Diagnosis and therapy of the last episodes labeled as tuberculosis reactivations three and five years before presentation to our hospital was based solely on histopathological findings of adrenal epithelioid cell granuloma with central necrosis. Despite long-term tuberculostatic therapy, no decrease in adrenal gland enlargement was noted, requiring reconsideration of the diagnosis.
The clinical and histopathological presentation not only of paracoccidioidomycosis, but also of other systemic fungal infections, may resemble tuberculosis [12] . Both tuberculosis and systemic mycosis induce formation of granulomas [13] . Decreased cellular immunity and production of certain cytokines and their receptors facilitate both infections. Paracoccidioidomycosis and tuberculosis may be present concomitantly, occur sequentially or might be misdiagnosed due to similar clinical presentations. Previous studies have reported a rate of coexistence of both diseases ranging from 5.5% to 19% [14] .
Another common cause of adrenal enlargement and insufficiency are metastases in cancer patients, ranging from 20% to 45% in autopsy studies of lung cancer patients [15] . In our patient with a history of prostate cancer this was excluded by histopathological findings.
A variety of pathogens (fungi, bacteria, viruses and parasites) may affect adrenal glands. Particularly in the presence of bilateral adrenal enlargement, infections caused by Mycobacterium tuberculosis, Paracoccidioides brasiliensis, Histoplasma capsulatum, Blastomyces dermatitidis or Cryptococcus neoformans must be considered for differential diagnosis [16] . Due to the high affinity of Paracoccidioides for adrenal glands, adrenal gland involvement in paracoccidioidomycosis is common (85-90% in autopsy studies) [16, 17] .
An autoimmune process is the most common reason for primary adrenal insufficiency (Addison's disease) in Western countries, whereas tuberculosis and other infectious diseases, metastatic cancer, adrenal hemorrhage, infarction or drugs are less frequent [18] .
In conclusion, paracoccidioidomycosis is rare in Europe and can mimic more familiar diseases like tuberculosis. Depending on the patient's clinical presentation, travel history, and treatment success, endemic systemic fungal infections should be considered for differential diagnosis. With an increase in migration and travel activities these infections might also gain more relevance in Europe.
Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
Conflict of Interest
Gernot Wagner has received travel support from Gilead Sciences.
